Timely availability of images of suitable spatial resolution, temporal frequency and coverage is currently one of the major technical constraints on the application of satellite SAR remote sensing for the conservation of heritage assets in urban environments that are impacted by human-induced transformation. TerraSAR-X and Sentinel-1A, in this regard, are two different models of SAR data provision: very high resolution on-demand imagery with end user-selected acquisition parameters, on one side, and freely accessible GIS-ready products with intended regular temporal coverage, on the other. What this means for change detection analyses in urban areas is demonstrated in this paper via the experiment over Homs, the third largest city of Syria with an history of settlement since 2300 BCE, where the impacts of the recent civil war combine with pre-and post-conflict urban transformation . The potential performance of Sentinel-1A StripMap scenes acquired in an emergency context is simulated via the matching StripMap beam mode offered by TerraSAR-X. Benefits and limitations of the different radar frequency band, spatial resolution and single/multi-channel polarization are discussed, as a proof-of-concept of regular monitoring currently achievable with space-borne SAR in historic urban settings. Urban transformation observed across Homs in 2009, 2014 and 2015 shows the impact of the Syrian conflict on the cityscape and proves that operator-driven interpretation is required to understand the complexity of multiple and overlapping urban changes.
INTRODUCTION
The Hague Convention adopted by UNESCO in 1954 [1] acknowledges the risk of destruction of heritage assets and features of cultural value in the event of armed conflict. In cities with centuries or millennia of history, this threat can manifest in a variety of forms including the loss of historical buildings, the modification of cityscape landmarks and, in some cases, alteration of the city form and urban layout [2] .
Systematic appraisal of changes and damage based on field surveys is frequently unfeasible during conflict for the safety of the operators and, anyway, not necessarily the best way to retrieve a holistic view across the full extent of a city. Remote sensing from space, therefore, is regarded as a source of objective information over heritage sites with restricted access [3, 4] . While optical images and aerial photographs are still the most common Earth Observation solutions exploited, Synthetic Aperture Radar (SAR) imagery is increasingly used for quantitative assessment, also as a consequence of the improved spatial resolution [5, 6] .
Visibility along the line of sight of the satellite being equal, spatial resolution is indeed one of the essential technical requirements to achieve an effective discrimination within densely built-up areas and complex urban environments. This seems to be even more applicable in contexts of armed conflict when the observed changes in the cityscape might not follow predictable models or usual spatial patterns. While the highest resolution is always desirable and advantageous, experience demonstrates that it is best to have images of resolution and spatial coverage suitable enough to the scale and extent of the changes to detect, acquired and provided timely to compare the situation prior to, during and after the emergency.
It is against these factors and operational needs that this paper aims to evaluate current C-and X-band SAR missions. 
MATERIALS AND METHODS
The European Space Agency (ESA) Sentinel-1A (S1A) satellite and the German Aerospace Center (DLR) TerraSAR-X (TSX) constellation are exemplars of two different models of SAR data provision: freely accessible GIS-ready products with intended regular temporal coverage, on one side; very high resolution on-demand imagery with end user-selected acquisition parameters, on the other.
Acquiring images of the Earth's surface since October 2014, S1A follows a baseline pre-defined mission observation scenario [7] . Over Europe, North Africa and Middle East -the latter of concern for this study -the scenario foresees regular acquisition of Interferometric Wide Swath (IW), dual pol (VV-VH polarization), 250 km swath and 5 x 20 m spatial resolution, every 12 days of repeat cycle per pass ( Figure 1 ). In exceptional cases only, emergency observation requests may alter the pre-defined observation scenario, possibly requiring use of the StripMap (SM) mode, i.e. 80 km swath, 5 x 5 m spatial resolution [8] .
The current S1A archive accessible from the Sentinel Scientific Data Hub [9] confirms this scenario over the region of Homs, western Syria ( Figure 2 ; section 3), with already hundreds of IW products, but none acquired in SM mode. IW VV products acquired on 06/10/2014, 05/12/2014 and 21/02/2015 were analysed for the purposes of this research and an RGB colour composite was generated (see section 3.2) according to the methodology of change detection by Tapete et al. [10] .
Aim, 4- To demonstrate what S1A and, in the future, the full S1 constellation might provide on an emergency basis if SM images are acquired, we present the results of a multi-temporal analysis using a bespoke time series of 3-metre resolution TerraSAR-X SM scenes with VV polarization, acquired along ascending orbits. These images were accessed in the framework of the TSX-New- 
EXPERIMENTAL RESULTS IN HOMS, SYRIA

Test site
Homs, western Syria (coordinates LAT 34.72°; LON 36.71°), was the third largest city of the country before the Syrian civil war started in March 2011. The city has a long history of occupation, with archaeological evidence of the earliest settlement found in the Citadel of Homs (Figure 2a ) dating back to around 2300 BCE [13] . The Citadel is the most noticeable landscape landmark of the cityscape, as it is built at the top of a prominent Early Bronze Age 'tell' is situated in the centre of Homs. Structures of the former walls built during the the Ayyubid period can still be seen along the slopes, while in modern times antennas were installed to exploit the tell elevation (about 526 m) for signal transmission. Figure 3 shows an example of the RGB colour composites generated from S1A archive data. The IW mode swath of 250 km allows a simultaneous coverage of the whole extent of Homs, thereby providing a comprehensive picture of the urban setting and surrounding rural areas. Spatial patterns due to changes caused by anthropogenic actions (Figure 3a . . Figure 5 shows the amplitude change detection map based upon the comparison of a pair of 3-m resolution VV SM TSX acquisitions acquired along orbit 39 and ascending passes in August 2009, i.e. prior to the civil war, and December 2014, i.e. after the major impact of shelling. It is worth noting that the latter TSX scene was acquired on the same day as the second S1A IW image.
Sentinel-1A analysis
TerraSAR-X analysis
The improved spatial resolution of TSX SM data allows a more precise delineation of the pattern associated with the radar backscatter change on the road pavement between the Al Atassi Mosque and the western slope of Tell Homs (Figure 5a and Figure 6a ). In particular, the cyan colour in the RC composite suggests the presence of objects with strong radar backscatter in December 2014. A comparison with the time series of Google Earth imagery confirms that the observed pattern was due to a military blockage built with earthen materials, likely quarried from the Tell slope ( Figure  6b ). No patterns of damage are apparent over the Al Atassi Mosque based on the TSX data.
Trenches, excavations and embankments built for defensive purposes are found sparsely across the cityscape. Box (b) in Figure 5 marks some of these features in the open land located west of the Homs University estates.
Given the wide temporal window between the two TSX acquisitions, our analysis spots other changes across the city that do not relate to war damage. An example is found in a residential area in the north (see box (c) in Figure 5 ) where buildings were demolished before the war. Similarly, the red pattern along the River Orontes in proximity to Al-Wair quarter (Figure 5d ) is due to fluvial flooding and matches with the pattern found in the S1A IW RGB colour composite (Figure 3b ). 
DISCUSSION AND CONCLUSIONS
The trials of change detection analysis based on regular S1A IW acquisitions and the simulation, via TSX SM time series, of the operational capability of S1A operating in SM mode during emergencies demonstrate that SAR can be a valuable and viable solution for urban remote sensing in context of armed conflict, if timely acquisitions are available and the spatial coverage and resolution are commensurate with the size and temporal frequency of the events to detect.
Over Homs, S1A and TSX proved complementary Earth Observation solutions to retrieve a clear picture of the urban dynamics occurred prior to and after the civil war, and to observe the appearance of new features across the cityscape that directly or indirectly relate to the recent conflict.
There might be a question whether SAR should be used instead of optical imagery to map urban dynamics, as the latter are generally easier to interpret and preferred by a wide range of image analysts. In this regard, the operability under any weather conditions, GIS-readiness of pre-processed image products, regularity of acquisition and accessibility at no costs to archive imagery are key factors that should encourage the exploitation of SAR for such applications. Spatial resolution can still represent a constraint, particularly for S1A, as the current pre-defined acquisition mode and baseline observation scenario seem not to provide images of sufficient resolution to undertake local scale assessments.
Interpretation-wise, whilst processing automation and implementation of change detection routines are undoubtedly beneficial towards a highly responsive analysis in situation of armed conflict, the operator's judgment on observed spatial patterns and integration with other Earth Observation data or sources of information are still necessary. The examples of pre-war building demolitions and fluvial flooding discussed in section 3 demonstrate the risk of misinterpretation due to a blind approach of pattern analysis.
